The relationship between type of trauma exposure, cumulative trauma, peritraumatic distress, and subsequent acute stress disorder (ASD) symptoms was examined prospectively in 96 individuals presenting with acute medical injuries to a Level 1 emergency/trauma department. Common precipitating traumas included motor vehicle-related events, stabbings, shootings, and physical assaults. At 2 to 3 weeks followup, 22.9% of participants had developed ASD. Univariate analysis revealed no relationship between type of precipitating trauma and ASD symptoms, whereas robust path analysis indicated direct effects of gender, lifetime cumulative trauma exposure, and peritraumatic distress. Peritraumatic distress did not mediate the association between cumulative trauma and symptoms, but did mediate the association between gender and symptomatology. These results, which account for 23.1% of the variance in ASD symptoms, suggest that ASD may be more due to cumulative trauma exposure than the nature of the precipitating trauma, but that cumulative trauma does not exert its primary effect by increasing peritraumatic distress to the most recent trauma.
investigated has been acute stress disorder (ASD), even though it is relatively common among trauma-exposed persons presenting for emergency care, ranging between 7% and 59% in various studies (Brewin, Andrews, Rose, & Kirk, 1999; Bryant, 2011) , and is beyond its association with PTSD (Bryant, 2011; Bryant et al., 2015) , associated with its own significant psychological distress, disability, and risks of suicidality and substance abuse (APA, 2013; Bryant, 2011) .
The diagnosis of ASD first appeared in the Diagnostic and Statistical Manual of Mental Disorders (4 th ed.; DSM-IV; APA, 1994) , and consisted of dissociative, intrusive, avoidant, and hyperarousal-related psychological reactions experienced within a month of exposure to a Criterion A stressor. Although the DSM-IV required dissociative symptoms for the diagnosis, the DSM-5 (APA, 2013) has no requirement that any given symptom cluster be present, including dissociation-it is only necessary that nine or more symptoms be reported. There are fewer studies of ASD or ASD-related symptoms than of PTSD, although several risk factors have been identified. These include reduced social support (Yaşan, Güzel, Tamam, & Ozkan, 2009 ), fear of death (Chiu, deRoon-Cassini, & Brasel, 2011; Kjaer Fuglsang, Moergeli, Hepp-Beg, & Schnyder, 2002) , and peritraumatic and/or persistent dissociation (Panasetis & Bryant, 2003; Yaşan et al., 2009) .
One obvious variable in the prediction of ASD is the type of trauma associated with the disorder, although most risk studies examine PTSD. In this regard, the PTSD literature indicates that interpersonal events (e.g., assaults) are more likely to produce posttraumatic stress than noninterpersonal events (e.g., disasters; Breslau et al., 1998; Briere, Hodges, & Godbout, 2010) , and that sexual victimization tends to be more traumatic than nonsexual assaults (Kilpatrick, Edmonds, & Seymour, 1992) .
Other research, however, suggests that the level of emotional distress (e.g., anxiety, depression) immediately arising from a trauma may be at least as predictive of later stress responses as the nature of the trauma itself (Thomas, Saumier, & Brunet, 2012) . For example, measures of peritraumatic distress have been associated with an increased likelihood of posttraumatic stress in a number of studies (Briere, Scott, & Weathers, 2005; McCaslin et al., 2008) . In most studies, however, peritraumatic distress was evaluated retrospectively and cross-sectionally, typically months or years after the index traumatic event (Thomas et al., 2012) ; a scenario that may introduce memory distortion and other confounding variables. In those cases where peritraumatic distress was assessed soon after the trauma (e.g., Jehel, Paterniti, Brunet, Louville, & Guelfi, 2006) , the evaluated outcome was almost always PTSD. In one exception, Vaiva et al. (2003) found that "peritraumatic fright," broadly defined (e.g., "including stopped thoughts, emptiness, and total psychological inhibition," p. 397) was associated with a subsequent ASD diagnosis.
Notably, physical pain associated with a trauma also has been linked to PTSD (e.g., Gros, Szafranski, Brady, & Back, 2015; Norman, Stein, Dimsdale, & Hoyt, 2008) . However, this variable may differ from peritraumatic emotional distress in significant ways, and it is not clear to what extent this variable represents a characteristic of the trauma (e.g., its severity) as opposed to a subjective peritraumatic response to it.
An additional factor in the development of a stress disorder is the individual's exposure to past traumas. Recent research indicates that those with multiple types of prior trauma exposure, referred to as cumulative trauma (CT; Briere, Godbout, & Dias, 2015; Briere, Kaltman, & Green, 2008; Follette, Polusny, Bechtle, & Naugle, 1996) , are more likely to experience posttraumatic stress in response to a current stressor than those with a single trauma exposure. For example, a history of prior motor vehicle accidents appears to be associated with ASD in response to a current motor vehicle accident , and those with prior traumas have been found to have increased risk for PTSD following a new trauma (Briere, Agee, & Dietrich, 2016; Kilpatrick et al., 2013) .
Such results suggest that the emergence of ASD or PTSD, in some cases, may reflect the cumulative effects of multiple traumas over time, with the most proximal event serving as a "tipping point" for the development of a stress disorder (Briere & Scott, 2015a) . The mechanism of this effect is unknown, although it is possible that previous trauma exposures produce subclinical symptoms that accumulate over the longterm, eventually summating to meet criteria for a stress disorder.
Alternatively, or in addition, CT may neurobiologically and/or psychologically "sensitize" the trauma survivor over time (Smith, Katz, Charney, & Southwick, 2007) , leading to heightened peritraumatic distress following a new trauma, thereby increasing the likelihood of a stress disorder.
In the current study we sought to explore the prospective relationship between precipitating trauma, CT, peritraumatic distress, and ASD symptoms in an urban emergency room setting. As part of a larger, in-progress study of genetic and psychological predictors of ASD and PTSD, participants were evaluated upon admission for demographics, type of precipitating trauma, and self-reported peritraumatic distress and peritraumatic pain, and then followed-up 2 to 3 weeks later for assessment of ASD symptoms. Based on the literature, we hypothesized that the type of precipitating trauma would not be related to ASD, whereas CT would be a significant predictor. We further predicted that peritraumatic distress would mediate the relationship between CT and ASD symptoms (the sensitization hypothesis), but also that CT, irrespective of peritraumatic distress, would directly lead to ASD symptoms (the tipping point hypothesis). We did not specifically hypothesize the role of peritraumatic pain, although it was possible that it too might mediate the CT-ASD symptom relationship.
Method

Participants
Of the 203 acutely injured individuals entered into this study at admission, 96 (47.3%) returned for follow-up evaluation 2 to 3 weeks after the initial interview. Univariate chi-squares and correlational analyses, as appropriate, revealed no relationship between those who did not follow-up versus those who did, in terms of age (p = .512), gender (p = .315), race (p = .294), type of precipitating trauma exposure (p = .899), peritraumatic distress (p = .165), or CT (p = .697).
In the follow-up group, 21 participants (21.9%) were female and 75 (78.1%) were male; the mean age was 32.85 years (SD = 13.31). Racial breakdown was 68.8% (n = 66) Hispanic/Latino, 10.4% (n = 10) non-Hispanic Caucasian, 9.4% (n = 9) non-Hispanic Black/African American, and 11.4% (n = 11) other or more than one race. There were 62.5% of participants (n = 60) employed part-or full time. Including the precipitating event, participants reported a mean of 3.10 different types of DSM-IV Criterion A-level trauma in their lives (SD = 2.50). Some head injury was reported by 27.1% of the sample, 39.1% reported loss of consciousness, and the mean level of pain reported at bedside interview was 6.2 on a scale of 1 to 10.
Precipitating traumas varied in this sample, as indicated in Table 1 , with the most frequent involving some form of motor vehicle-related trauma, and assaults with knives or guns. When summed into larger categories, 71.9% were exposed to motor vehicle accidents, 22.9% were physically assaulted, and 5.2% experienced some other trauma. 
Procedure
This study was conducted at the Los Angeles County + University of Southern California (LAC+USC) Medical Center, Department of Emergency Medicine, using a protocol reviewed and approved by the Institutional Review Board of the University of Southern California, Los Angeles, CA. Candidates for this study were identified through the Department of Emergency Medicine's real-time computerized tracking and reporting program (Wellsoft EDIS v.11) as they presented for emergency stabilization and treatment of acute medical trauma. Eligible participants were adults (18 years of age and older); had sustained moderate to severe trauma but had full consciousness, as determined by a score of 6 to 8 on the Revised Trauma Score (Champion et al., 1989) ; were able to speak and read English; had postdischarge access to a telephone; and were able to provide informed consent. Because sexual trauma victims are taken or referred to a specialized center within the LAC+USC system, there were no participants in this sample with sexual assault as a precipitating trauma. Patients were excluded if they reported symptoms indicative of psychosis or mania; were pregnant, a prisoner, or legal detainee; or were intoxicated or suffering other cognitive impairment that precluded informed consent. All participants who were not excluded, met inclusion criteria, and consented to participate were sequentially added to the sample. Following initial treatment, and once medically stable, potential participants were approached at bedside by a member of the research team. Per the institutional review board-approved protocol, and after receiving an explanation of the study procedures, they were verbally administered a brief mental health screen and, if not excluded and willing to participate, signed a university and medical center-approved informed consent form for the study. The mean time from the onset of the precipitating trauma to the research interview in this study was 19.3 hours (SD = 13.5).
Upon entry into the study, participants provided basic demographic information, and Wellsoft EDIS data were consulted for information on the trauma that led to their current admission. These traumas are presented in Table 1 . Also collected at this time were reports of peritraumatic distress and pain associated with the trauma, based on the Acute Trauma Interview (ATI; Briere, 2011) . Participants were then scheduled for a 2-to 3-week posttrauma follow-up visit. The mean number of weeks to follow-up was 2.7 (approximately 19 days) for the 90 participants with complete data on this variable (Time 2 contact date information was missing for six participants due to a coding error). At this follow-up, participants completed, among other instruments, the Detailed Assessment of Posttraumatic Stress (DAPS; Briere, 2001) , after which a trained interviewer administered the Acute Stress Disorder Interview (ASDI; Bryant, Harvey, Dang, & Sackville, 1998) . Participants were compensated $25 for their time, both at recruitment and follow-up.
Measures
Demographics and mental health screening. A demographic information sheet and a brief mental health screening instrument were developed for this study. Sample mental health screening questions included, "Have you ever had a time when you heard voices when no one was actually present, had visions, or saw things that other people could not see?" and "Have you ever had a time that lasted 3 days or more when you needed much less sleep than usual (or no sleep at all) without feeling tired, or even feeling more energetic than usual?" Detailed Assessment of Posttraumatic Stress. The DAPS (Briere, 2001 ) is a 105-item standardized self-report inventory that is commonly employed as a measure of posttraumatic stress and comorbidities in research and clinical practice (Briere et al., 2005; Elhai, Gray, Kashdan, & Franklin, 2005) . The DAPS includes a Relative Trauma Exposure (RTE) score, consisting of a count of the number of different types of Criterion A-level trauma exposures (e.g., disasters, sexual and physical assaults, accidents) the individual has experienced over his or her life span, ranging from 0 to 11.
The RTE score was used to represent CT in the present study, as it has in other research (e.g., Bigras, Daspe, Godbout, Briere, & Sabourin, 2016; Briere et al., 2016) . This variable is a form of cumulative risk (CR; see Appleyard, Egeland, Dulmen, & Sroufe, 2005) that is widely used in epidemiological research. As noted by Evans, Li, and Whipple (2013) , CR variables are "statistically sensitive even with small samples, and make no assumptions about the relative strengths of multiple risk factors or their collinearity. CR also fits well with underlying theoretical models . . . . concerning why multiple risk factor exposure is more harmful than singular risk exposure" (p. 1). Notably, a CT index does not require quantification of the various characteristics associated with each type of trauma exposure, and avoids measurement error associated with the analysis of highly correlated variables and masked between-characteristic and/or between-event interaction effects (Evans et al., 2013) .
Acute Trauma Interview. The Acute Trauma Interview (ATI; Briere, 2011) was used to record the details of the precipitating trauma at study intake, and includes the number of hours since trauma, current psychological concerns, and current pain rating (measured after medical stabilization and acute medication), as well as participants' reports of peritraumatic distress in response to the precipitating trauma. The 8-item ATI Peritraumatic Distress scale directly replicates the items of the DAPS Peritraumatic Distress scale, and evaluates reports of eight different peritraumatic experiences, including fear, helplessness, guilt, shame and humiliation, horror, on a 0 (none) to 5 (very much) scale. In the current sample, Cronbach's α for the ATI Peritraumatic Distress scale was .77.
Acute Stress Disorder Interview. The Acute Stress Disorder Interview (ASDI; Bryant, Harvey, Dang, & Sackville, 1998) is a 19-item, dichotomously scored clinical interview that is criterion-keyed to DSM-IV ASD. It has been shown in a number of studies to be a reliable and valid measure of ASD (Briere, 2004 ). In the current sample, Cronbach's α for the ASDI total score was .86.
Because of changes to the ASD diagnosis in DSM-5, and the lack of validated DSM-5 ASD interview measures at the time of the study, we employed classic ASDI scoring to determine the presence or absence of DSM-IV ASD, but then utilized the total ASDI score as a better approximation of DSM-5 ASD in the statistical analyses. As noted, DSM-5 criteria require the presence of 9 or more of 14 symptoms from any of five categories: intrusion, negative mood, dissociation, avoidance, and arousal. Similarly, the total ASDI score does not specifically prize dissociation over other ASD symptoms, and treats ASD symptoms as equally weighted components of a continuously measured construct.
Data Analysis
Missing values. There were a small number of missing values among predictor variables in the follow-up group: two (2.1%) for the cumulative trauma variable, two (2.1%) for race, and four (4.2%) for the Peritraumatic Distress scale. In each case, the SPSS 23 linear interpolation algorithm was used to replace these values. Linear interpolation is considered to be an effective and unbiased method of missing data replacement, especially at the low missing data rate found in this study (Tabachnick & Fidell, 2007) . Path analysis. Path analysis is a statistical technique that allows testing both direct and indirect relationships among different variables that may be correlated (Kline, 2011) . This procedure was conducted using Mplus v.7 (Muthén & Muthén, 1998 , employing maximum likelihood with robust standard errors (MLR) to addresses nonnormality. As recommended by McDonald and Ringo Ho (2002) , overall model fit was tested by considering the comparative fit index (CFI), the Tucker-Lewis Index (TLI), the root mean square error of approximation (RMSEA), and the chi-square statistic. A nonstatistically significant chi-square value, a CFI value of .90 or higher, a TLI value of .95 or higher, and a RMSEA value below .06 are indicators that the observed data are a good fit to the hypotheses in question. Examination of the magnitude and significance of the indirect effects was performed using the bootstrap confidence intervals method (MacKinnon & Fairchild, 2009 ) with Mplus (Muthén & Muthén, 1998 . This biascorrected method is based on a distribution for the product of coefficients and generates confidence limits for the true value of the coefficient for indirect effects. When zero is not in the confidence interval, the indirect effect is considered significant (Preacher & Hayes, 2004) .
Results
Of the 96 participants, 22 (22.9%) reported symptoms on the ASDI that met criteria for DSM-IV ASD. Univariate analyses revealed that total ASDI scores were associated with gender, t(94) = 3.26, p = .002; CT, r = .30, p = .003; and peritraumatic distress, r = .37, p < .001; but were not related to age, r = .02, nonsignificant (ns); race, F(3, 92) = 1.37, ns; or type of precipitating trauma, F(2, 93) = 0.78, ns. See Table 2 for relevant means and standard deviations. Other trauma or impact variables that might affect total ASDI scores were not correlated with the ASDI: head injury, r = −13, ns; loss of consciousness, r = .06, ns; self-reported level of pain at the time of interview, r = .19, ns; and number of hours since the precipitating trauma, r = −.12, ns. As well, head injury and loss of consciousness were uncorrelated with peritraumatic distress scores, r = −.04, ns and r = .03, ns, respectively. Inspection of the predictor correlation matrix revealed no evidence of multicollinearity, with the highest correlation being between female gender and peritraumatic distress, r = .32.
Path analysis. The link from CT to ASD symptoms was tested with path analysis, and indicated a direct association, β = .29, p = .003. Following this significant relationship, the mediation model depicted in Figure 1 was examined, and found to be a good representation of the data, χ 2 (1) = 0.23, p = .631; RMSEA = .00, with 90% CI [0.00, 0.21]; CFI = 1.0, TLI = 1.11. After the inclusion of gender and peritraumatic distress, the direct association between CT and ASD symptoms decreased to β = .24, p = .011, suggesting partial mediation. There was no significant association between CT and peritraumatic distress in this model (p = .075), whereas gender, CT, and peritraumatic distress were each directly associated with ASD symptomatology. Results indicated a significant indirect effect of gender on ASD symptoms through peritraumatic distress, β = −.09, 95% CI [−0.20, −0.02], but no indirect effect of CT on ASD symptoms through peritraumatic distress, β = .04, 95% CI [−0.001, 0.11 ]. This integrative model explained 12.9% of the variance in peritraumatic distress and 23.1% of the variance in ASD symptoms.
In order to examine the specific effect of gender on CT, we amended this model by adding a correlation between these two variables. Although the subsequent model was just-identified, and thus precluded the determination of fit indices, there was no significant association between gender and CT, β = −.05, p = .629.
Because peritraumatic pain has been linked to subsequent PTSD, we tested an alternate path-analytic model in which pain at the time of interview was added as a second mediator, along with peritraumatic distress. However, there was no relationship between peritraumatic pain and other variables in this model, including ASD symptoms. Fit indices remained similar to the first model, χ 2 (1) = 0.23, p = .631; RMSEA = .00, with 90% CI [0.00, 0.21]; CFI = 1.0, TLI = 1.20. Because peritraumatic pain was not a significant predictor, the original model was retained.
Discussion
This study suggests that the relationship between the precipitating trauma and subsequent ASD symptoms may be less a function of the nature of the trauma than gender, level of acutely reported peritraumatic distress, and cumulative trauma exposure. We did not find that CT exerts its primary effects on ASD symptomatology by increasing peritraumatic distress in response to the most recent trauma, as would be predicted by the sensitization hypothesis. Instead, CT and peritraumatic distress were independent risk factors for acute posttraumatic stress. Notably, although the effect of CT on acutely reported peritraumatic distress was nonsignificant in the present study (p = .075), it is possible that a larger sample would identify a significant contribution of CT-related peritraumatic distress to ASD symptoms, thereby providing potential support for the sensitization hypothesis.
These findings do not suggest a significant role of peritraumatic pain in the development of ASD. Further research is indicated, however, including the possibility that this variable is more predictive of PTSD than ASD symptomatology. The role of pain medication also should be examined, as participants in the present study were evaluated for peritraumatic pain after initial medical treatment, which may have blunted any pain-ASD relationship.
It should be noted that the current sample did not include participants with acute sexual trauma. Because sexual victimization is more likely to lead to PTSD (and thus, presumably, ASD) than most other traumas, the absence of these individuals in the present study may have reduced the relationship between trauma type and ASD. However, at least one investigation that included sexual trauma survivors still found cumulative trauma to be a better predictor of traumatic stress than any specific precipitating event (Briere et al., 2016) .
In the absence of a CT-peritraumatic distress effect, the mechanism whereby CT leads to acute stress remains unknown. One possibility is peritraumatic dissociation, which has been linked to subsequent posttraumatic stress (Lensvelt-Mulders et al., 2008) . Given the complexity of controlling for a variable that is implicit in the variable being predicted, the current study did not prospectively evaluate the role of peritraumatic dissociation in ASD. Yet, it is possible that this variable mediates the CT-ASD symptom relationship in undetermined ways. In any event, the direct relationship between CT and ASD symptoms supports the cumulative trauma hypothesis that the effects of prior traumas may accumulate over time, at some point leading to clinical ("tipping point") levels of acute stress.
Female gender was associated with ASD symptoms in the present study, both directly and through its relationship to peritraumatic distress. This is consistent with other findings that women report both more peritraumatic (Lilly, Pole, Best, Metzler, & Marmar, 2009 ) and posttraumatic stress (Bryant & Harvey, 2003) relative to men. The reason for this effect is unknown, but may include women's sex role socialization to more easily report psychological distress (Lilly et al., 2009) , as well as the greater likelihood of women experiencing traumas most associated with posttraumatic stress, especially sexual victimization (Breslau et al., 1998) . Because there was an independent effect of gender on ASD, controlling for peritraumatic distress, however, these differences cannot be entirely explained by a tendency for women to report greater emotional distress than men in response to a given trauma.
The diagnosis of ASD in this study was based on a gold standard measure, the Acute Stress Disorder Interview, using DSM-IV criteria. Even though DSM-IV and DSM-5 ASD diagnoses share virtually the same symptom set, the latter criteria include, but do not specifically require, dissociative symptoms. We cannot estimate the extent to which the current findings, which used the total ASDI score as a proxy for DSM-5 ASD, are entirely relevant to the DSM-5 version of ASD. Future research in this area is indicated, once validated DSM-5 ASD measures become available.
Notably, the dropout rate from entry into the study to ASD assessment was 53%, even though all participants received phone calls reminding them of their follow-up session. As a result, these findings may be less generalizable to those who did not return in 2 to 3 weeks, even though we found no study variable that predicted dropout, and thus no source of systematic bias. Some of this attrition may reflect posttraumatic avoidance, given the stressful, often severe nature of the traumas involved, and the high stimulation level and potentially frightening context of the large urban emergency/trauma department in which the participants were initially treated.
Finally, we could not evaluate participants for trauma symptoms that they might have had at admission that were not due to the precipitating trauma. Thus, per the cumulative trauma hypothesis, it is possible that some participants were additionally suffering from posttraumatic stress related to one or more prior traumas upon entry to the emergency service. Future researchers might have participants describe any posttraumatic symptoms they believe were present prior to the precipitating event, or might study at-risk individuals prospectively, before and after some proportion experience a traumatic event.
The current results support the notion that ASD can be a multitrauma outcome, reflecting the cumulative effects of various traumas, such that the additional stress associated with the precipitating trauma may at some point exceed a risk threshold (Karam et al., 2014) and lead to the development of a stress disorder. This is in contrast to the DSM-IV requirement that ASD be linked to a single traumatic event. It is, however, in agreement with DSM-5 Criterion A, which newly allows more than one trauma to be implicated in the development of a stress disorder (APA, 2013, pp. 271-272; Briere & Scott, 2015b) .The apparent importance of cumulative trauma over time in the genesis of ASD supports the validity of assessing the effects of more distal traumas when evaluating acute stress. Further, as suggested by some (e.g., Briere & Scott, 2015b; Courtois & Ford, 2013) , interventions for acute trauma-related distress may be most helpful when they include processing memories of prior traumas as well as current ones. As well, if past traumas contribute persisting emotional distress to the effects of the precipitating trauma, interventions that increase affect regulation or emotional tolerance skills may help the survivor to downregulate these chronic trauma-related responses, thereby potentially reducing the likelihood or intensity of current ASD symptoms. Future researchers should examine the potential effectiveness of these additional treatment approaches, especially to the extent that they can augment current approaches to ASD and increase treatment efficacy.
